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Abstract 
Bangladesh is a developing country which demands power generation for economic growth. But, a wide gap prevails 
between supply and demand. To resolve the issue, solar energy could be utilized for electricity generation. The aim of 
the paper is to propose policy and incentives to address economic barriers for grid-tied ground mounted Photovoltaic 
(PV) power generation. Market based instruments and policy of some countries were reviewed. Interviews were 
conducted at both private solar firms and government offices in Bangladesh to learn their responses. The outcome 
shows that most of the solar firms were unsatisfied about the present policy and incentives of the grid-tied PV power 
generation for Independent Power Producer (IPP). Thus, the worldwide practiced feed-in tariff (FIT) policy could be 
adopted. In addition, the estimated tariff was calculated slightly above 28.5 to 35 BDT/kWh or higher for financial 
viability of such project under existing incentives. Incentive schemes were also proposed for successful 
implementation. The recommendations will help for policy development and sustainable growth of PV electricity 
generation in Bangladesh. 
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1. Introduction 
Bangladesh is a developing country in south Asia. It has been maintaining almost 6% Gross Domestic 
Product (GDP) growth rate over a decade [1]. Electricity generation is an important component of 
development. In 2012, the power generation capacity was 8525 MW whereas the maximum demand and 
supply were 7518 MW and 6350 MW respectively [2-3]. Natural gas is the main source of power 
generation contributing 67.21% of the total generation capacity [4]. 
The power shortage is a long standing issue in Bangladesh. The problem could be solved by 
developing renewable energy for power generation. The positive outcome of renewable energy is energy 
security, economic and environmental benefit [5].  
The power generation from solar energy has great potential in Bangladesh. The average daily solar 
radiation is between 4 and 6.5 kWh/m
2 
[6]. Solar electrification in Bangladesh started in 1980. Since then, 
it was mainly developed in off-grid areas. The renewable power capacity was 78 MW until 2012 and 
about 95% of the renewable electricity comes from solar energy [7]. Up to 2012, about 1.6 million Solar 
Home Systems (SHSs) of total power capacity 64 MW were installed through the Infrastructure 
Development Company Limited (IDCOL) of Bangladesh. In addition, the aggregate 8 MW capacity 
Photovoltaic (PV) systems were installed in various government and non-government office buildings, 
shopping mall, commercial and residential buildings. 
Few policies were enacted for the renewable energy development. The important policies were 
Renewable Energy Policy 2008, Guidelines for Remote Area Power Supply System 2007, Private Sector 
Power Generation Policy of Bangladesh 1996. The target of renewable power was 5% and 10% of the 
total power demand by 2015 and 2020 respectively as per Renewable Energy Policy 2008. In line with the 
Policy, Government of Bangladesh has planned to develop at least 500 MW power from renewable energy 
by 2015 [8]. The financial mechanism of Solar Home System (SHS) distribution in rural Bangladesh 
consists of the fee for service, subsidized credit sell, credit sell and cash sell. In case of on-grid PV 
electrification, some recent policies were installation of PV system in government, autonomous and semi-
government organization with mainly own fund, rooftop solar policy for PV system installation in 
commercial and residential buildings and industry and grid-connected PV system installation by foreign 
or Independent Power Producer (IPP) fund. IPP projects will be done through private sector power 
generation policy using competitive bidding process on Build, Own and Operate (BOO) basis. The 
Bangladesh Bank also created a special revolving fund for commercial banks for soft loan in renewable 
energy projects [9]. 
Grid-connected solar PV power generation has tremendous potential for accelerating power generation 
capacity in Bangladesh [10]. Recent study shows the favorable condition about the potentiality and 
viability of that system in different areas in Bangladesh [11]. Moreover, the price of solar panel, the main 
component of PV system, is declining [12]. Gird-connected PV power generation is completely new in 
Bangladesh. No big projects have been completed yet. The important projects are the Asian Development 
Bank (ADB) funded 5 MWpeak ground mounted project at Kaptai, 50 kWpeak rooftop PV project on 
Build, Own and Operate (BOO) basis at Bangladesh secretariat building in Dhaka and 3 MWpeak ground 
mounted PV project on BOO basis through IPP at Sarishabari in Jamalpur district [13]. 
There are still many barriers for the deployment of renewable power generation. These are economic 
and non-economic barrier, but economic barrier is the main. As per review, many measures are present to 
stimulate the development of renewable power generation capacity [14]. Market based mechanism is one 
of the policies. It includes supply push and demand pull mechanism. Feed-in tariffs (FITs), competitive 
tender for long term Power Purchase Agreement (PPA) and production credit are common supply push 
mechanism and Renewable Portfolio Standard (RPS) with Renewable Energy Certificate (RES) trading is 
an example of the demand pull mechanism [15]. Each policy has some merits and demerits [16]. 
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The renewable energy policies of some countries around the world were studied. In Europe, the 
renewable energy policies of Germany, Spain and Demark were reviewed. Feed-in tariff was found to be a 
common policy for renewable energy development. There was a difference in FIT design between 
Germany and Spain. The main difference was involvement of market force for fixing tariff [17]. In 
addition, the development story of solar PV power in Germany [5] and wind power in Denmark [18] was 
deductive for policy making. 
While reviewing the renewable energy policies of the United States of America, a clear divergence was 
found form the European countries. The use of Renewable Portfolio Standard (RPS) with tradable 
certificate was seen as a main instrument for renewable energy development [14]. Other significant 
characteristics were the state level policy such as, RPS, Net metering, voluntary green power purchase, 
tax credits, rebates, and low interest loans and green power purchase policy for local government. 
In Asia, the renewable energy policies of several countries were studied. These countries were China, 
India, Japan, Thailand, Malaysia and Bangladesh. In case of China, the application of combining various 
policies was seen in renewable energy law [19]. The PV energy development with capital subsidy was 
also observed as a success story under ‘Golden Sun Programme’ in 2009. Central and state policy 
development combining both obligation and preferential tariff were important in India [20]. Ambitious 
Jawaharlal Nehru National Solar Mission (JNNSM) for solar energy was also significant lesson. Japan’s 
renewable energy policy shift and its PV energy development were the vital points of the review [21]. 
Thailand’s FIT in terms of adder and solar market heating were also important [22]. Malaysia’s new FIT 
design [23] and Bangladesh’s recent initiatives for renewable energy deserved attention [24]. 
In this paper, policy and incentives have been proposed for addressing economic barriers and rapid 
deployment of grid-tied ground mounted PV system in Bangladesh. In addition, financial parameters have 
been calculated with sensitivity analysis for country’s first ever ground mounted grid-tied IPP project on 
BOO basis at Jamalpur district.  
2. Methodology 
First of all current market based mechanisms were studied in the literature review along with 
renewable energy policies of ten countries. Secondly, interviews were conducted among relevant 
stakeholders such as, nine private solar companies and government stakeholders in Bangladesh. Finally, 
financial analysis with sensitivity analysis was done by developing an economic model and collecting 
relevant data from international journal [11] and current working tender of country’s first ever grid- 
connected ground mounted IPP project of Bangladesh Power Development Board [13].  
2.1 Interviews 
As a part of the methodology, interviews were carried out in Bangladesh at the end of 2012. In the 
interviews, both private companies and government stakeholders were communicated with mainly four 
basic questions to understand the nature of incentives under present policy, their satisfaction of the policy 
and incentives, bottlenecks of the present policy and remedies of the problems. They expressed their 
views which are given in the result section of the paper. 
2.2 Financial analysis of grid-connected ground mounted PV project 
The tender of 3 MWpeak grid-connected solar power project at Sarishabari in Jamalpur district was 
invited on September 2012 by Bangladesh Power Development Board. The technology was Photovoltaic 
(PV) ground mounted system. The selection method was competitive bidding and source of fund was 
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from IPP. In addition, the implementation process was ‘Build, Own and Operate’ (BOO) basis for a 
period of 15 years under private sector power generation policy. 
Data for solar radiation 
Jamalpur’s latitude is 24.87 degree and Longitude is 89.93 degree. Solar radiation data [25] in Table 1 
were used in Hybrid Optimization Model for Electric Renewables (HOMER) software for annual energy 
generation calculation. To synthesize the data by HOMER, twelve average monthly values of either solar 
radiation or clearness index need to be entered. In addition, site latitude, inclination angle equal to 
latitude, south facing and azimuth angle equal to zero are considered. 
Table 1. Solar radiation at Jamalpur  
Month Daily solar radiation (kWh/m
2
) 
Jan 4.34 
Feb 5.07 
Mar 5.87 
Apr 6.05 
May 5.51 
Jun 4.74 
Jul 4.26 
Aug 4.30 
Sep 3.91 
Oct 4.36 
Nov 4.39 
Dec 4.17 
Economic model 
The financial analysis of the project has been done using the simple economic model in Figure 1. The 
cost and assumption data were taken from the international journal [11] and adjusted for the particular 
case in absence of any completed project of this nature in Bangladesh. In addition, other relevant data for 
the calculation were taken from tender document of the project [13]. The cost and assumptions and 
economic assumptions are given in the Table 2 and 3. 
Table 2. Cost and assumptions 
Parameter Unit Value 
Total system cost percentage 87.8 of initial cost 
Feasibility study, development and engineering cost percentage 0.6 of initial cost 
Installation and spare parts   percentage 8.6 of initial cost 
Miscellaneous percentage 3 of initial cost 
Solar PV array capital cost BDT* /Wpeak 274 
Life time of the cell year 25 
Cost of inverter BDT /kWrated 15,000 
Inverter replacement cost BDT /kWrated 10,000 
Lifetime of inverter year 10 
Estimated reduction on inverter system price %  per year 7.5  
O&M cost at 1
st
 year  BDT 3,564,000 
Preferential tax  rate ( 1
st
 – 15th Year) percentage 0 
Land rent BDT 20,00,000 (1 to 5 yr) ,24,00,000 (6 to 10yr), 
28,80,000(11 to 15yr) 
*Bangladeshi Taka (USD and BDT conversion rate as per [11]) 
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Table 3. Economic assumptions 
Parameter Unit Value 
Inflation rate percentage 5 
Discount rate percentage 10 
Interest rate percentage 9 
Debt : Equity ratio 80: 20 
Loan repayment period year 8 
Grace period year 1 
Analysis period year 15 
Depreciation year 25 
Certified Emission Reduction (CER) price Euro*/tonCO
2
9 
CER service period year 10 
            *1Euro =107BDT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Economic model 
(11)  Net income before debt service 
= (9) + (10) 
(7) Cash Flow Before Tax (EBT) = (5) – (6) 
(8)    Less corporate 
tax = (7) x tax rate 
(16) Debt remaining at the 
end of the year = Debt 
remaining at the beginning 
of the year (14) - (15)  
(9) Net income cash flow = (7) - (8) 
(1)  Cash flow of 
expense 
(2)  Cash flow of 
income 
(3)  Cash Flow Before Interest, Tax, Depreciation and 
Amortization (EBITDA) = ( 2)  - (1) 
(4) Less 
depreciation   
(6)  = (17) Less 
interest expense  
(10) = (4)   
Add 
depreciation
(14) = Debt remaining 
in current Year, (14) = 
(13) for year   1 & 2 
then (14) = (16) 
(17) 
Interest 
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debt = 
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Project  
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3. Results and Discussion 
3.1 Interviews 
Related private companies and government organizations expressed their views about the policy and 
incentives. Private solar companies had some points. The core point was that the incentives of the project 
were not sufficient to encourage developers. Out of nine companies, seven companies were not satisfied 
with the policy and incentives. Only one company told in favor of satisfaction with some changes. Those 
companies also indentified some problems and provided remedies of the issues. The essence of the 
opinions was that most of the companies were in favor of renewable energy friendly policy such as, FIT. 
In addition, they wanted enhancement of incentives in terms of soft loan and other subsidies. On the other 
hand, some representatives of government organizations also gave their opinions and suggestions for the 
improvement of this kind of project. Both parties wanted to develop this kind of project, but they had 
difference in opinion.  Few opinions from the government side said developers had expectation of more 
profit. At the same time, they were also interested about the project. In addition, as this kind of tender is 
new in Bangladesh, lessons from the tender would help to take corrective measures in future. Government 
started this type of tender since 2010. But, due to different challenges, it could not be possible to execute 
any project till to date. As a result, they declined to make any comments of the policy at the stage. 
Moreover, some opinions suggested that a new renewable energy policy should be adopted and subsidy to 
be provided to reduce the tariff level so that PPA could be signed. Also, FIT and soft loan could be 
adopted in future. In addition, somebody also had pessimistic view of this kind of project. However, 
government has no plan until now to go for FIT because it will increase subsidy and benchmark tariff has 
not been fixed yet through tender. 
3.2 Financial analysis of grid-connected ground mounted PV project 
Annual energy generation 
From the output of HOMER software the annual energy production at the project location is found 
5,141,178 kWh. Energy production cost for the particular project is computed at 18.20 BDT/kWh at initial 
investment for 15 years. 
Sensitivity analysis 
Sensitivity analysis of electricity generation cost at initial investment with respect to interest rate and 
project life is shown in Fig. 2 and Fig. 3. In prevailing case, per unit electricity generation cost varies 
between 16.99 BDT and 21.03 BDT when interest rates are in the range of 6% to 16%. In addition, when 
project lifetime expands from 12 to 25 years, per unit production cost varies from 22.29 BDT to 11.64 
BDT under existing condition. 
On the other hand, Table 4 shows the estimated tariff requirement for initial investment change, the 
respective Internal Rate of Return (IRR), Net Present Value (NPV) and Simple Pay Back (SPB) period for 
both project and equity for project lifetime of 15 years under current incentives environment. The impact 
is as initial investment changes, tariff requirement changes. When the investment decreases from 0% to -
20%,the estimated tariff decreases from 35.3 BDT to 28.6 BDT. Table 5 shows the requirement of 
estimated tariff with changing investment and project lifetime when earnings from Clean Development 
Mechanism (CDM) are added considering existing tax exemption. The impact is clear that in presence of 
CDM earnings the estimated tariff becomes lower than that of without CDM earnings when project life 
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remains same. For example, in case of project lifetime of  15 years, the variation of initial investment 
from 0% to -20%, the estimated unit  tariff  decreases from 35 BDT to 28.2 BDT which is slightly lower 
than the range of tariff over the same change without CDM earnings. In addition, the requirement of the 
estimated tariff decreases when project life increases. 
 
 
  Fig.2. Sensitivity analysis for change of interest rate                       Fig. 3. Sensitivity analysis for change of project life 
Table 4.Sensitivity analysis for change of investment cost for existing condition and assumptions of the project 
Initial 
investment 
cost change 
Estimated 
tariff for 
positive NPV 
(BDT/kWh) 
Project 
IRR 
Project NPV 
(BDT) 
Project 
SPB 
(Year) 
Equity 
IRR 
Equity NPV 
(BDT) 
Equity 
SPB 
(Year) 
Project 
life 
(Year) 
-20% 28.6 10.06% +3,126,307 7.94 23.67% +233,704,432 7.76 15 
-10% 31.9 10.00% +68,180 7.97 23.44% +259,468,571 7.88 15 
0% 35.3 10.01% +684,443 7.97 23.44% +288,907,100 7.88 15 
+10% 38.7 10.02% +1,300,705 7.97 23.44% +318,345,628 7.88 15 
+20% 42.1 10.03% +1,916,968 7.97 23.45% +347,784,157 7.88 15 
Table 5.Sensitivity analysis of the project for change of investment cost and project life with CDM 
Initial 
investment cost 
change 
Project life 
(Year) 
Estimated 
tariff for 
positive 
NPV 
(BDT/kWh)  
Project IRR Equity IRR Project SPB 
(Year) 
Equity SPB 
(Year) 
- 20% 15 28.2 10.02% 23.51% 7.93 7.71 
20 25.8 10.05% 19.88% 8.73 8.73 
25 24.6 10.03% 18.28% 9.20 9.20 
- 10% 15 31.6 10.03% 23.51% 7.93 7.73 
20 28.8 10.01% 19.72% 8.77 8.77 
25 27.5 10.03% 18.22% 9.23 9.23 
0% 15 35.0 10.04% 23.50% 7.93 7.75 
20 31.9 10.03% 19.75% 8.77 8.77 
25 30.4 10.03% 18.18% 9.24 9.24 
+10% 15 38.4 10.04% 23.50% 7.94 7.76 
20 35.0 10.05% 19.78% 8.77 8.77 
25 33.3 10.03% 18.15% 9.26 9.26 
+20% 15 41.8 10.05% 23.50% 7.94 7.77 
20 38.0 10.02% 19.67% 8.80 8.80 
25 36.2 10.03% 18.12% 9.27 9.27 
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4. Conclusion 
Grid-connected ground mounted PV electricity generation through independent power producer is 
necessary for rapid growth and sustainable development of PV electricity generation in Bangladesh. The 
unit production cost of the 3 MWpeak project is cost competitive with diesel generator connected to grid 
which is around 17-18 BDT/kWh. 
Due to high initial investment, higher tariff is required to attend financial viability ranging from 28.6 
BDT to 35.3 BDT or higher under existing situation. Furthermore, as investment cost is decreasing for 
declining PV panel cost and if project life expands with CDM facilities keeping existing tax exemption, 
the tariff becomes low and close to the highest tariff paid for emergency grid-tied diesel operated 
generator at present in Bangladesh. However, the IRR in the changing scenario is low.  In addition, 
developer’s confidence and satisfaction are also necessary. They are absent at present as about 78% of 
interviewed private companies were unsatisfied under existing policy and incentives environment. The 
initiative of tender from government side was started for more than two years ago, but it is not possible to 
complete any project of this kind until now. Consider the existing circumstance of the grid-connected IPP 
solar power project and for rapid deployment of the PV system and sustainability of such projects, certain 
proposals are recommended. 
• A fixed feed-in tariff policy regarding grid-connected Photovoltaic electricity generation should 
be adopted to encourage the investor confidence and policy and price certainty which ultimately 
accelerate solar electricity generation. 
• As PV panel cost is declining, the feed-in tariff design should be associated with degression rate, 
differentiation of tariff for both location and size. In addition, annual cap of capacity is 
necessary. 
• Carbon trading should be incorporated to improve the earnings of the project so that developers 
could be benefited. 
• Interest rate of debt plays a vital role for the profitability of a project. As a result, low interest 
rate of debt should be ensured by developing a fund for the IPP projects. 
• Project lifetime also determines earnings because plants can generate more energy. Thus, project 
lifetime should be expanded 25 years.  
• Import tax exemption of imported energy equipment and materials and income tax exemption 
should be maintained for this kind of project and investment or generation based incentives 
should be considered for the viability of this nature of project. 
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